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Abstract 
In order to estimate variability, heritability, genetic advance and relationship of grain yield with other 
yield related attributes, the experiments were carried out in field research Area of Barani Agricultural Research 
Institute, Chakwal, Pakistan during two rabi growing seasons 2011-12 and 2012-13. The experimental materials 
were comprised of 40 genotypes of safflower and were sown in randomized complete block design with three 
replications each year. The analysis of variance showed that all the safflower genotypes were significantly 
different for all the traits studied except days to physiological maturity. Among the attributes studied the 
estimates of phenotypic coefficient of variation (PCV) were generally higher than the genetic coefficient of 
variation (GCV).  Highest GCV was found in grain filing rate plant-1 (49.34 & 48.25) followed by seed yield 
plant-1 (49.09 & 48.18) during 2011-12 & 2012-13 respectively. Grain filing rate plant-1 showed maximum PCV 
(49.78 & 48.96) followed by seed yield plant-1 (49.64 & 49.44) during both years (2011-12 & 2012-13) 
respectively. The high heritability coupled with high genetic advance was measured in biological yield plant-1, 
harvest index (%), number of heads plant-1, and seed yield plant-1. These results revealed that high estimates of 
heritability and genetic advance for these traits would be helpful for the plant breeders to select the suitable 
combination and to achieve the enviable level of seed yield potential in safflower under arid environment 
conditions. The correlation results of two year studies revealed that seed yield plant-1 had significant and positive 
relationship with days to maturity, plant height, biological yield plant-1, number of seeds head-1, 1000-grain 
weight, grain filing rate plant-1, effective head weight, number of primary branches  plant-1 and plant height. On 
the other hand, days to 50% flowering, days to physiological maturity, number of seeds head-1, seed weight head-
1
 and 1000- grain weight showed low heritability with low genetic advance. 
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Introduction 
Safflower is one of the most important annual oilseed crop which have a high adaptation to various soil 
conditions such as salinity, drought and viable to be grown in rainfed and irrigated areas Safavi et al. (2012). It is 
a multipurpose crop for oil, medicinal and industrial uses Ahmadzedeh et al. (2012). In Pakistan, the production 
of safflower is low as compared to other oilseed crops due to lack of resources and non-availability of high 
yielding cultivars. The development of new varieties is based principally on the collection, identification, 
assembly, multiplication, assessment and conservation of genetic materials, which are used for the breeding of 
desirable characters of safflower. The final objective of most of breeding program is to raise the seed yield. 
Golkar (2011). 
Appearance of several traits often changes as the changing breeding material and environment. 
Consequently, the information of characters association between the traits themselves and with seed yield is 
important for the breeding program subject to selection for high yielding genotypes Iqbal et al. (2006), Omidi 
Tabrizi (2002). As certain trait are more affected from genotypic and environmental difference. Each breeder is 
tackled with various environments in which his or her breeding program is to attain results Arsalan (2007). 
Hence, an assessment of heritability should be determined for the optimum breeding program Camas and 
Esendal (2006). Kuvani et al.(2001) and Camas and Esendal (2006) found heritability for plant height, number 
of primary branches per plant, head diameter, seed per head and 1000-grain weight in safflower as 93, 45, 21, 69 
and 81% respectively. Manju and Sreelathkumary (2002) reported that h2 (broad sense heritability) value for 
plant height, Primary branches per Plant, 1000 grain weight and yield in safflower as 87, 39, 93 and 98% 
respectively. Arsalan (2007) computed broad sense heritability for yield and yield related attributes in safflower 
and found that plant height, primary branches per plant, heads per plant. Head diameter, seeds per head, 1000 
grain weight and seed yield have high heritability (h2). 
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Cassato et al. (1997) observed positive and significant correlation between seed yield and number of 
heads per plant in safflower. Omidi Tabrizi et al. (2002) studied that grain yield had positive and significant 
association with grain weight and number of heads per plant in safflower. Plant height, number of primary 
branches per plant, number of heads per plant, number of seed per head, seed weight per head and 1000 grain 
weight are the most imperative characters in safflower for improvement of grain yield Omidi Tabrizi (2005); 
Rao and Ramachandram (1997) examined positive and significant relationship of grain yield with heads per 
plant and 1000 grain weight, also emphasized to the vital role of the number of heads plant-1 and head weight in 
enhancement of yield in safflower. 
The present study was carried out for the assessment of heritability in broad sense (h2), genetic advance 
and interrelationship between grain yield and other related attributes and thereby to identify suitable plant 
attributes for selection to improve the grain yield of safflower under rainfed conditions.  
Materials and Methods 
In order to assess the relationship of grain yield with other yield related attributes, the field experiments 
were carried out in the research Area of Barani Agricultural Research Institute, Chakwal, Pakistan during two 
rabi growing seasons 2011-12 and 2012-13. The prevailing weather conditions during two rabi season are 
summarized in Table-1. The experimental materials were comprised of 40 genotypes of safflower and were sown 
in randomized complete block design with three replications and a plot size of 5×1.2m. Seeds were sown at 30 
cm spacing between the rows on 10thand3rdOctober each year respectively. Plant to plant distance was kept 10cm 
within rows by performing the thinning process after four weeks of sowing. As per requirement of crop, cultural 
practices such as weeding, hoeing, pest and insect control were carried out during whole growing seasons. The 
data on following traits were recorded: days to 50% flowering (DFF), days to physiological maturity (DM), plant 
height in cm (PH), number of primary branches plant-1 (PBP), stem diameter in cm (SD), number of heads plant-
1(HP), head diameter in cm (HD), effective head weight in gram (EHW), number of seeds head-1(SH), seed 
weight head-1 in gram (SWH), grain filling duration in days (GFD), grain filling rate plant-1in gday-1 (GFRP), 
1000 grain weight in gram (TGW), harvest index in percentage (HI), biological yield plant-1 in gram (BYP), and 
seed yield plant-1 in gram (SYP). Grain filling duration was computed as days from flowering to physiological 
maturity. Grain filling rate (g/day) determined by dividing the seed yield to grain filling duration. Harvest index 
(%) was also calculated by dividing the seed yield to biological yield.                                     
Analysis of variance (ANOVA) and correlation coefficient for characters studied was performed by 
using Statistix software version 8.1.The heritability and genetic advance were measured by following Singh and 
Chaudhry (1979).  
Heritability in Broad sense (h2) = GV/PV 
Where, GV is genotypic variance and PV is phenotypic variance.  
Genotypic, phenotypic and environmental coefficients of variation were calculated by using formula as 
under; 
Genotypic Coefficient of Variation (GCV) = /  × 100 
Phenotypic Coefficient of Variation (PCV) = /Mean of  × 100 
Environmental Coefficient of Variation (ECV) = /  ×  
Where  is the grand mean of the particular attribute  
Genetic advance was calculated by formula following Singh and Chaudhary (1979). 
Genetic Advance (G.A) = K. h2.  
Where K is Constant = 2.06 at 5% selection intensity. Genetic advance expressed as percentage of mean 
by using formula; 
Genetic Advance (GA %) = GA/  ×  
Results and Discussions 
The results of analysis of variance (ANOVA) separately for each year are presented in Table-2.The 
analysis of variance showed that all the safflower genotypes were significantly different for all the traits studied 
except days to physiological maturity. This investigation revealed that high genetic variability is present among 
the genotypes under rainfed conditions. Though, we emphasized on traits that have significant relationship with 
grain yield in the rainfed conditions. Significant variation in all investigated attributes are more important source 
for selection among genotypes and helpful for the other breeding programmes. Individually, all the traits studied 
have particular role in the rainfed conditions. Number of heads per plant, number of seeds per head, seed weight 
per head, effective head weight and 1000 grain weight are the most prominent yield associated traits and would 
be more effective to upturn the grain yield in safflower Alizadeh (2005). Phenotypic coefficient of variation 
(PCV), genotypic coefficient of variation(GCV), environmental coefficient of variation (ECV), heritability in 
broad sense (h2),genetic advance (GA) and genetic advance as percent of mean (GA %) for the characters 
studied during 2011-12 &2012-13 are summarized in Table-3. Genetic coefficient of variation (GCV) ranged 
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from (0.34) to (49.34) and (0.13) to (48.98) among the traits studied during 2011-12 & 2012-13 respectively 
whereas phenotypic coefficient of variation (PCV) ranged from (0.85) to (49.78) and (0.52) to (49.44) 
respectively (Table-3). Among the attributes studied during both the year, the estimates of phenotypic coefficient 
of variation (PCV) were generally higher than the Genetic coefficient of variation (GCV).  Highest GCV was 
found in GFRP (49.34& 48.25) followed by Seed Yield Plant-1 (49.09& 48.18) during 2011-12& 2012-13 
respectively. GFRP showed maximum PCV (49.78 &48.96) followed by Seed yield Plant-1(49.64 & 49.44) 
during both years (2011-12 & 2012-13) respectively (Table-3). 
The high heritability coupled with high genetic advance was measured in biological yield plant-1, 
harvest index, heads plant-1, and seed yield plant-1 studied during 2011-12 &2012-13 (Table-3). This result 
revealed that high estimates of heritability and genetic advance for these traits would be helpful for the plant 
breeders to select the suitable combination and to achieve the enviable level of seed yield potential under arid 
environment conditions. The present results are confirmatory with the findings of Akbar and Kamran (2006); 
Arsalan (2007) and Kuvani et al. (2001). Also high heritability assessments were found in effective head weight, 
grain filling duration, head diameter, number of primary branches palnt-1 and stem diameter. The high 
heritability estimates indicated that these traits are under additive genetic effects and careful selection will 
definitely lead towards improvement for greater productivity. These results support the findings of Kuvani et al. 
(2001) and Camas and Esendal (2006). On the other hand, days to 50% flowering, days to maturity, number of 
seeds head-1, seed weight head-1 and 1000 grain weight showed low heritability with low genetic advance. This 
investigation indicates that the selections for these traits must be delayed till late generations. Akbar and Kamran 
(2006) also reported low heritabilities for these traits in safflower.  
The results pertaining to association of first year studied (2011-12) showed that seed yield  plant-1 had 
highly significant & positive relationship with days to maturity, plant height, biological yield plant-1, number of 
seeds head-1, 1000 grain weight and significant & positively correlated with grain filling rate plant-1, effective 
head weight, number of primary branches plant-1 and number of heads plant-1 (Table-4). There was a positive 
and significant correlation between biological yield plant-1 and days to maturity, grain filling rate plant-1, plant 
height, seed weight head-1 and seed yield plant-1. This result revealed that indirect selection through enlightening 
these traits would be helpful for boost in grain yield in the safflower genotypes under rainfed conditions. Some 
earlier researcher Arslan (2007); El-Lattief (2012); Golkar et al.(2011); Golparvar (2011); Golkar, et al. (2012); 
Mozaffari and Asadi (2006) and Naserirad et al. (2013) also observed the similar results in safflower. 
On the other hand, in second year results (2012-13) grain yield correlated highly significantly & 
positively with effective head weight, grain filling rate plant-1, 1000 grain weight, heads plant-1, number of 
primary branches plant-1, plant height and significant & positive with biological yield Plant-1, days to maturity 
and number of seeds heads-1 (Table-5). This result showed any positive improvement in these attributes in the 
superior genotypes would enhance the grain yield. Similar trend for these attributes were also observed by El-
Lattief (2012); Eslam et al. (2010); Begwan and Ravikumar (2011); Golparvar, (2011) and Omidi Tabrizi 
(2006). However, negative correlation amongst grain yield and days to 50% flowering is justifiable in the arid 
conditions because the genotypes endure warmth and drought stress due to lengthier lifespan of crop. Alizadeh 
(2005) also showed the similar inference in his studies on safflower genotypes in dry land conditions.  
Conclusion 
From the consequence of current investigations, it is concluded that grain yield in safflower can be 
enhanced by selecting the superior genotypes having more number of primary branches plant-1, plant height, 
number of heads plant-1, effective head weight, number of heads plant-1 as well as number of seeds head-1, 1000-
seed weight  and biological yield plant-1. 
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Table-1: Rainfall (mm), Minimum & Maximum Temperature (0C) and Humidity Mean (%) data during    two 
Rabi growing season 2011-12 & 2012-13 
 
Rainfall (mm) Minimum 
Temp.(0C) 
Maximum 
Temp.(0C) 
Humidity Mean 
(%) 
 
Rabi Season 2011-12 
 
    
October 16.50 14.75 29.95 54.70 
November 12.70 9.11 24.89 70.36 
December 0.00 2.28 19.31 69.80 
January 22.10 0.53 13.50 69.95 
February 19.85 1.86 16.82 66.31 
March 4.10 7.33 24.50 47.99 
April 23.05 15.08 26.22 59.23 
 
Rabi Season 2012-13 
 
    
October 16.30 13.31 27.69 60.99 
November 01.00 14.99 28.83 53.46 
December 28.30 03.25 15.58 55.39 
January 00.00 01.50 15.86 62.05 
February 213.40 07.61 16.82 79.71 
March 17.90 10.76 23.99 65.30 
April 20.95 06.38 23.65 58.85 
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